METAL SHEET WITH ANTICORROSIVE COATING 



BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a metal sheet with 
anticorrosive coating formed from an anticorrosive paint 
extremely effective in corrosion prevention. The metal 
sheet according to the present invention will find use in 
various areas including domestic electric appliances as 
well as automobiles and. building and construction. 

2. Description of Related Arts: 

It is common practice to make parts of automobiles and 
domestic electric appliances from a zinc-coated steel sheet 
produced by zinc electroplating or zinc hot dip galvanizing 
For better corrosion resistance, zinc coating may be fol- 
lowed by conversion treatment, such as chromating and phos- 
phating. 

Chromating, however, suffers the disadvantage of re- 
quiring a solution containing a toxic metal (such as chro- 
mium) or its ion. This solution is liable to cause soil 
and groundwater pollution, and complete exemption from its 
injurious action is almost impossible. 

For this reason, there have been proposed other sur- 
face treating methods than chromating, such as those which 
employ any of zinc phosphate, zinc fluoride, zirconium, 
titania, and silane coupling agent. These methods, however 
do not, form a coating film with sufficient corrosion resis- 



tance^ particularly, pitting corrosion resistance. They 
need further improvement . 

OBJECT AND SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
metal sheet with anticorrosive coating which exhibits good 
corrosion resistance as well as good pitting corrosion 
resistance. 

The present invention is directed to a metal sheet 
with anticorrosive coating formed from an anticorrosive 
paint on at least one side thereof, wherein said anticorro- 
sive paint contains a metallic zinc powder and at least one 
kind of metal salt rust inhibitor, said metal salt being a 
salt of a metal which is more base than zinc. 

The metal sheet with anticorrosive coating specified 
above exhibits good corrosion resistance as well as pitting 
corrosion resistance. Therefore, it is suitable not only 
for indoor use (such as furniture and domestic electric 
appliances) but also for outdoor use (such as automobiles 
and building and construction) . 

In its preferred embodiment, the metal sheet with 
anticorrosive coating is characterized in that the sub- 
strate is a steel sheet. 

In its preferred embodiment, the metal sheet with an- 
ticorrosive coating is characterized in that the coating 
film has a thickness ranging from 5 |jun to 30 [jtm. This 
thickness is adequate for good corrosion resistance. 

In its preferred embodiment, the metal sheet with an- 



ticorrosive coating is characterized in that the metallic 
zinc powder has an average particle diameter ranging from 
0.01 (uun to 20 Jim. 

In its preferred embodiment, the metal sheet with an- 
ticorrosive coating is characterized in that the anticorro- 
sive paint contains the metallic zinc powder in an amount 
of 40-95 mass% of its solids and contains the metal salt . 
rust inhibitor in an amount of 1-30 mass% of its solids, 
with the total amount of the two components being 41-96 
mass%. 

In its preferred embodiment, the metal sheet with an- 
ticorrosive coating is characterized in that the metal salt 
rust inhibitor is a fine powder having an average particle 
diameter no larger than 1 |uim. Meeting this requirement 
produces a high rust preventing effect. 

In its preferred embodiment, the metal sheet with an- 
ticorrosive coating is characterized in that the metal salt 
rust inhibitor is a phosphate or a phosphomolybdate. 

In its preferred embodiment, the metal sheet with an- 
ticorrosive coating is characterized in that a phosphate 
coating film is interposed between the metal sheet and the 
coating film of the anticorrosive paint. The phosphate 
coating film has a coating weight ranging from 0.05 g/m^ to 
3.0 g/m^. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

According to the present invention, the metal sheet 
with anticorrosive coating is characterized in that the 



m 



anticorrosive coating is formed from an anticorrosive paint 
which contains a metallic zinc powder and at least one kind 
of metal salt rust inhibitor^ said metal salt being a salt 
of a metal which is more base than zinc. Corrosion preven- 
tion by zinc has long been known, and metal salt rust in- 
hibitors are also known. However, the present inventors 
are the first to find that a marked anticorrosive effect is 
produced by combination of zinc powder with a metal salt 
rust inhibitor, said metal salt being a salt of a metal 
which is more base than zinc» The mechanism of . the two 
components producing such a marked anticorrosive effect is 
not yet elucidated. Probably, it is due to a mutual action 
between them. 

The zinc powder should preferably be one which has an 
average particle diameter ranging from 0.01 \Am to 20 \m. 
For its good anticorrosive effect, the zinc powder should 
be contained in an amount of 40-95 mass% of solids (non-. 
volatile matter) in the anticorrosive paint. 

The metal salt rust inhibitor may be derived from any 
metal which is more base than zinc. Examples of such a 
metal include magnesium, aluminum, calcium, and barium. 
The metal salt may be in the form of phosphate, phosphomo- 
lybdate, molybdate, and metaborate. Typical examples of 
the metal salt rust inhibitor include magnesium phosphate, 
aluminum phosphomolybdate, calcium phosphate, calcium mo- 
lybdate, and barium metaborate. They may be used alone or 
in combination with one another. 




The metal salt rust inhibitor should preferably have 
an average particle diameter no larger than 1 pun. It fully 
produces its effect when it is in the form of fine powder. 
Incidentally, the above-mentioned average particle diameter 
may be applied to primary particles as well as secondary 
particles resulting from aggregation. 

For its good anticorrosive effect, the metal salt rust 
inhibitor should be contained in an amount of 1-30 mass% of 
solids in the anticorrosive paint. Incidentally, the total 
amount of the zinc. powder and the metal salt rust inhibitor 
should preferably be 41-96 mass%. With an amount less than 
41 mass%, they do not produce the desired effect. With an 
amount in excess of 96 mass%, they limit the amount of 
binder resin necessary for uniform coating film. 

The anticorrosive paint should contain any known 
binder resin (as a film-forming component), such as epoxy 
resin, acrylic resin, urethane resin, polyester resin, phe- 
nolic resin, alkyd resin, and melamine resin. These resins 
may be used in combination with any known hardener. The 
anticorrosive paint may be used in any form such as solu- 
tion, powder, aqueous emulsion, aqueous dispersion, and 
electrodeposition paint. 

The anticorrosive paint may be incorporated with any 
known paint additive, such as pigment, coupling agent, 
leveling agent, sensitizing agent, thickening agent, anti- 
oxidant, UV stabilizer, and flame retardant. 

The metal sheet is not specifically restricted. It 




includes / for example, steel sheet, galvanized steel sheet, 
plated steel sheet, aluminum sheet, aluminum alloy sheet, 
and titanium sheet. 

The metal sheet with anticorrosive coating which is 
covered by the present invention exhibits sufficient corro- 
sion resistance owing to the anticorrosive paint applied 
thereto even though it has no phosphate treatment. However, 
for better corrosion resistance after coating, it is desir- 
able to previously perform phosphate treatment on the metal 
sheet surface or the plating surface. The coating weight 
of phosphate should preferably be in a range of 0.05 to 3.0 
g/m^. Zinc phosphate is usually used for phosphate treat- 
ment. Incidentally, the anticorrosive paint used in the 
present invention meets requirements for the banning of 
chromium. Needless to say, the anticorrosive paint may be 
applied to any chromated metal sheet. 

Coating of a metal sheet with the anticorrosive paint 
may be accomplished by any known method, such as dipping, 
roll coating, spraying, and curtain flow coating. For good 
corrosion resistance, the coating thickness should prefera- 
bly be in a range of 5 to 30 jjtm. 

According to the present invention, the metal sheet 
with anticorrosive coating may have the anticorrosive coat- 
ing film on one side or both sides of a metal sheet. The 
anticorrosive coating film may be formed directly on the 
surface of a metal sheet or indirectly with a phosphate 
film interposed between them as mentioned above. In addi- 



■tioii/ the anticorrosive coating film may be further coated 
with phosphate film, protective layer, coloring layer, etc. 
according to intended use. 

The invention will be described in more detail with 
reference to the following examples, which are not intended 
to restrict the scope thereof. Any change and modification 
may be made to the examples without departing from the 
spirit and scope of the invention. 
Example 1 

Two samples according to the present invention were 
prepared. The first one is based on a cold rolled sheet 
(0.8 mm thick) of aluminum killed steel. The second one is 
based on a commercial cold rolled steel sheet with phos- 
phate treatment. After degreasing, the steel sheet (as a 
substrate) was coated with an anticorrosive paint of epoxy 
resin which contains a metal salt rust inhibitor and zinc 
powder (3-7 |uiin in particle diameter and 65 mass% in amount). 
The kind and amount of the metal salt rust inhibitor are 
shown in Table 1 . Coating was followed by curing at about 
200*^0 for 60 seconds. Thus, the metal sheet was coated 
with an anticorrosive coating film (10 [joaH thick). 

The coated metal sheet was cut into pieces, each meas- 
uring 7 0 mm by 150 mm. With its edge sealed, each specimen 
underwent salt spray test according to the method of 
testing automotive materials for corrosion resistance 
(JASO-M609). This test method consists of spraying with 5% 
NaCl aqueous solution at 35°C for 2 hours, drying at 60°C 



for 4 hours, and standing at 50^*0 and 95% RH for 2 hours. 
This cycle (taking 8 hours) is repeated three times a day, 
and the test was continued for 30 days. After the test was 
completed, the surface of the specimen was cleaned of rust 
and the cleaned surface was divided into 16 equal sections. 
Each section was examined for the depth of the maximum pit, 
and an average for 16 sections was calculated. The speci- 
mens were rated as "A", "B" , or "C" for pitting corrosion 
resistance according to the average values — less than 100 
(xm, no less than 100. ixm and less than 200 ^im, and no less . 
than 200 urn. 

The specimens which had undergone the salt spray test 
were also tested for red rust area. The specimens were 
rated as "A", "B", "C" , or "D" according to the area cov- 
ered by red rust — less than 10%, no less than 10% and 
less than 20%, no less than 20% and less than 30%, and no 
less than 30%. 

The coated metal sheet was also cut into pieces, each 
measuring 70 mm by 150 mm. Each specimen underwent phos- 
phating treatment and cationic electrocoating for automo- 
biles. The coating surface was cut with a cutter knife to 
make a cross cut (X mark, 80 mm long) reaching the metal 
substrate. The specimen with a cross cut underwent the 
above-mentioned salt spray test for 30 days (3 cycles a 
day). After 30 days, the coating surface was examined for 
the maximum swell width of the cut (one side). The speci- 
mens were rated for corrosion resistance after coating as 
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''A", "B" , or "C" according to the maximum swell width — 
less than 1.5 mm, no less than 1,5 mm and less than 3.0 mm, 
and no less than 3.0 mm. Table 1 shows the results of 
tests for pitting corrosion resistance, red rust resistance, 
and corrosion resistance after coating. 
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